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(54) Radio resources allocating method, radio resources allocating apparatus, and mobile 
communication system 



(57) An object is to select destination mobile sta- 
tions so as to prevent directional beams directed to the 
respective mobile stations from interfering with each 
other in application of a directional antenna, and to al- 
locate the radio resources to the mobile stations thus 
selected. Abase station 10, which is capable of forming 
a plurality of directional beams directed to a plurality of 
mobile stations by applying a directional antenna 11 ca- 
pable of adaptively varying directivity, to a transmission- 
reception antenna, is provided with a location estimator 
19 for estimating a location of each mobile station on 



the basis of orientation information of the directional an- 
tenna; a reception quality estimator 22 for estimating a 
reception quality of each mobile station; a transmission 
priority calculator 21 for calculating a transmission pri- 
ority of a packet to be transmitted; a determiner 1 6 for 
determining the number and directions of directional 
beams to be formed, based on the reception quality of 
each mobile station, location of each mobile station, and 
transmission priorities of packets; and an allocation con- 
troller 13 for allocating the plurality of directional beams 
thus determined, to a plurality of mobile stations. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a radio re- 
sources allocating method, a radio resources allocating 
apparatus, and a mobile communication system and, 
more particularly, to a radio resources allocating method 
in which a base station capable of forming a plurality of 
directional beams by applying a directional antenna ca- 
pable of adaptively varying directivity, to a reception-re- 
ception antenna, allocates radio resources to a plurality 
of mobile stations, a radio resources allocating appara- 
tus for carrying out the method, and a mobile communi- 
cation system comprising a base station with the radio 
resources allocating function. 

Related Background Art 

[0002] The conventional mobile communication sys- 
tems used antennas to radiate omnidirectional beams, 
as transmission-reception antennas of base stations, 
and thus each base station performed scheduling of 
transmission and reception without the need for paying 
attention to detailed location information of a destination 
mobile station in a cell or in a sector as long as it was 
known that the destination mobile station existed in the 
cell or the sector. 

[0003] On the other hand, when a directional antenna, 
e.g., an adaptive array antenna (Adaptive Array Anten- 
na = AAA) is applied as a transmission-reception anten- 
na of the base station, it becomes feasible to direct an 
antenna beam with sharp directivity to each mobile sta- 
tion existing in the cell or the sector. If interference pow- 
er ratios between beams are small, i.e., if the beams are 
spatially separated from each other, with the directional 
beams being directed to the respective mobile stations, 
it becomes feasible to implement simultaneous trans- 
mission and reception of packet data to different mobile 
stations with the respective directional beams, without 
the application of code division multiplex or frequency 
division multiplex. 

[0004] However, if a plurality of directional beams in- 
terfere with each other with the separate directional 
beams being directed to a plurality of mobile stations, 
there will arise the need for application of code division 
multiplex or frequency division multiplex or time division 
multiplex to the packet data. For this reason, in the field 
of the mobile communication systems adopting the di- 
rectional antennas, there were demands for a technique 
of selecting destination mobile stations so as to prevent 
the directional beams directed to the respective mobile 
stations from interfering with each other, and allocating 
the radio resources to the mobile stations selected. 
[0005] An object of the present invention is to provide 
a radio resources allocating method, a radio resources 
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allocating apparatus, and a mobile communication sys- 
tem capable of selecting destination mobile stations so 
as to prevent directional beams directed to the respec- 
tive mpbilestatiqnsj^n^ interfering with each other in 
application of the directional antenna as described 
above, and allocating the radio resources to the mobile 
stations selected. 

SUMMARY OF THE INVENTION 

[0006] In order to accomplish the above object, a ra- 
dio resources allocating method according to the 
present invention is a radio resources allocating method 
in which a base station capable of forming a plurality of 
directional beams by applying a directional antenna ca- 
pable of adaptively varying directivity, to a transmission- 
reception antenna, allocates radio resources to a plural- 
ity of mobile stations, wherein the plurality of directional 
beams are allocated to the plurality of mobile stations, 
based on reception quality information of each mobile 
station, location information of each mobile station, and 
transmission priorities of packets to be transmitted. 
[0007] The location information of each mobile station 
herein is assumed to include information about a direc- 
tion of arrival of one radio wave or directions of arrival 
of plural radio waves out of radio waves arriving at the 
mobile station and information about a propagation dis- 
tance of the radio wave or propagation distances of the 
radio waves, in addition to information about a relative 
location of the mobile station to the base station. It is 
also assumed that the radio resources include direction- 
al beams, and frequencies and codes as objects of mul- 
tiplexing in data transmission. The directional antenna 
can be a smart antenna capable of adaptively varying 
directivity, e.g., an adaptive array antenna or the like. 
[0008] Conventionally, the radio resources were allo- 
cated based on the reception quality information of each 
mobile station and the transmission priorities of packets, 
without paying attention to the locations of the respec- 
tive mobile stations, whereas in the present invention a 
plurality of directional beams are allocated to a plurality 
of mobile stations, based on the three types of informa- 
tion including the location information of each mobile 
station: the reception quality information of each mobile 
station, the location information of each mobile station, 
and the transmission priorities of packets to be transmit- 
ted; therefore, the destination mobile stations can be se- 
lected so as to prevent the beams directed to the re- 
spective mobile stations from interfering with each other, 
and the radio resources are allocated to the mobile sta- 
tions, whereby it is feasible to improve efficiency of use 
of the radio resources and to implement increase of 
throughput. 

[0009] In the present invention, the method is charac- 
terized, so that, after the plurality of directional beams 
are allocated to the plurality of mobile stations, packet 
data is simultaneously transmitted to and received by 
the plurality of mobile stations. Namely, the data trans- 
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mission to the plurality of mobile stations is concurrently 
carried out. 

[0010] In the present invention, the method is charac- 
terized, so that on the-occasion-of-alloeating-t he-radio- 
resources used in transmission with the plurality of di- 
rectional beams, the mobile stations allocated to the plu- 
rality of directional beams are selected, based on the 
reception quality information of each mobile station, the 
location information of each mobile station, and the 
transmission priorities of packets to be transmitted. 
Namely, in the present invention, when a plurality of di- 
rectional beams are allocated so as to prevent the mu- 
tual interference and when a plurality of mobile stations 
exist in a direction of a certain beam, a mobile station 
allocated to the beam can be selected based on the re- 
ception quality information of each mobile station, the 
location information of each mobile station, and the 
transmission priorities of packets to be transmitted. 
[0011] In the present invention, the reception quality 
information of each mobile station can be a ratio of car- 
rier power to interference power (CIR), and a rate of in- 
terference power due to a transmitted signal from an- 
other base station in interference power. The interfer- 
ence power herein means a power of an interference 
signal and this interference signal is assumed to include 
noise as well. Particularly, by taking account of the rate 
of the interference power due to the transmitted signal 
from another base station in the interference power, it is 
feasible to estimate whether the other base station is 
performing communication with a directional beam be- 
ing directed in the direction in which the mobile station 
exists. For this reason, it is desirable to avoid commu- 
nication with any mobile station existing in the direction 
in which the other base station presumably directs its 
directional beam, in order to prevent interference with 
the communication of the other base station. 
[0012] The above CIR may be replaced by a signal 
power to interference power ratio (SIR), i.e., a value of 
any signal power to interference power, or a signal pow- 
er to noise power ratio (SN ratio or SNR). 
[0013] The reception quality information of each mo- 
bile station can be a reception quality at the mobile sta- 
tion estimated in the case where communication with a 
directional beam is carried out, based on a reception 
quality at the mobile station for a predetermined refer- 
ence signal transmitted from the base station. 
[0014] Here predetermined reference signals (e.g., 
control signals such as pilot signals or the like) are usu- 
ally transmitted with omnidirectional beams from the 
base station, and reception qualities in communication 
with such stationary beams are normally different from 
those in communication with directional beams. There- 
fore, when the reception qualities of signals transmitted 
with the omnidirectional beams such as the pilot signals 
from the base station are used as reception qualities of 
the respective mobile stations, it is necessary to convert 
them into reception qualities expected in the use of the 
directional beams. For execution of this conversion, it is 



necessary to give consideration to the fact that gains in 
the use of the directional beams are different among the 
mobile stations because of □ difference among spreads 

of-ineident-angles of plural paths and □ control over 

5 transmission power according to the distance to each 
mobile station, depending upon the locational relation 
between each mobile station and the base station. 
[0015] In the present invention, the location informa- 
tion of each mobile station can be information about a 

10 direction of arrival of a signal transmitted from the mobile 
station, or location information of the mobile station es- 
timated from the direction of arrival. When the location 
of the mobile station is estimated at the base station, the 
location of the mobile station can be expressed by the 

15 direction and distance from the base station. A potential 
method of estimating the direction of the mobile station 
among them is a method of estimating the direction from 
phase differences of signals received by respective an- 
tenna elements constituting an array. Radio waves can 

20 arrive from different directions of plural paths because 
of reflection on ground and objects or the like, and in 
this case it is desirable to estimate a direction of arrival 
for each path. On the other hand, a potential method of 
estimating the distance of the mobile station is a method 

25 in which, where a signal transmission power of the mo- 
bile station is known by signaling or the like, the recep- 
tion power from the mobile station is measured whereby 
the distance from the base station can be estimated to 
some extent. 

30 [001 6] The location information of each mobile station 
can be location information acquired based on meas- 
ured location information notified of by the mobile station 
where the mobile station comprises location measuring 
means (e.g., GPS equipment or the like). 

35 [0017] In the present invention, the transmission pri- 
ority of a packet to be transmitted can be an index set 
based on a permissible delay determined by a required 
communication quality of the packet (so called QoS 
(Quality of Services)), the maximum number of retrans- 
missions, a desired transmission speed, reception qual- 
ity information of a destination mobile station, and a 
transmission waiting time at the base station. Consider- 
ation may also be given to whether a packet is one ad- 
dressed to a mobile station having moved from another 

45 cell by handover. 

[001 8] Incidentally, in the present invention, a combi- 
nation of mobile stations existing in directions of a plu- 
rality of directional beams preliminarily set on a station- 
ary basis can be selected as the mobile stations sub- 

50 jected to simultaneous transmission and reception of 
packet data with the plurality of directional beams. 
[001 9] In this case, where a plurality of mobile stations 
exist in a direction of a certain directional beam, a mobile 
station corresponding to the directional beam can be se- 

55 lected, based on both or either of the reception quality 
information of each mobile station and the transmission 
priority of packet data to each mobile station. Namely, 
among the above plurality of mobile stations thus exist- 
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ing, the mobile station with the highest reception quality 
may be selected as the mobile station corresponding to 
the directional beam, or the mobile station with the high- 
est transmission priority of packet data may be selected 
as the mobile station corresponding to the directional 5 
beam. The mobile station may also be selected on the 
basis of a comprehensive judgment on the both of the 
reception quality and the transmission priority of packet 
data. 

[0020] In the present invention, a combination of mo- io 
bile stations existing in directions in which a plurality of 
directional beams with a mutual interference power ratio 
therebetween being not more than a desired value can 
be formed, can be selected as the mobile stations sub- 
jected to simultaneous transmission and reception of '5 
packet data with the plurality of directional beams. 
[0021] In this case, where there exist a plurality of 
combinations of the mobile stations that can be selec- 
tion targets, the combination of mobile stations may be 
selected in favor of a combination of mobile stations pro- 20 
viding the maximum number of mobile stations capable 
of undergoing simultaneous transmission; the combina- 
tion of mobile stations may be selected in favor of a com- 
bination of mobile stations with which reception states 
of the mobile stations in the combination become com- 25 
prehensively the best; the combination of mobile sta- 
tions may be selected in favor of a combination of mobile 
stations with which transmission priorities for packet da- 
ta to the mobile stations in the combination are compre- 
hensively the highest. The combination of mobile sta^ 
tions may also be selected on the basis of comprehen- 
sive evaluation on a combination of two or more out of 
the above three ways. 

[0022] Furthermore, in the present invention, the se- 
lection of the combination of mobile stations may be ar- 
ranged to first select a single mobile station and then 
select as another mobile station, a mobile station exist- 
ing in a direction of at least one directional beam that 
can be formed so that an interference power ratio with 
a directional beam directed to the single mobile station 
selected becomes not more than a preset value. Name- 
ly, the single mobile station is selected on the basis of 
the reception states of the respective mobile stations or 
the transmission priorities of packet data to be transmit- 
ted, and the mobile station existing in the direction of at 
least one directional beam that can be formed so that 
the Interference power ratio with the directional beam 
directed to the single mobile station becomes not more 
than the preset value, is selected, as the mobile stations 
subjected to simultaneous transmission and reception 
of packet data with the plurality of directional beams. 
[0023] Here, a mobile station in a best reception state 
can be selected as the single mobile station; or a mobile 
station with the highest transmission priority of packet 
data to be transmitted can be selected as the single mo- 
bile station. 

[0024] In the present invention, there can occur a sit- 
uation where a plurality of mobile stations exist in a cer- 



tain direction out of directions of the directional beams 
formed. In this situation, the packet data to the plurality 
of mobile stations may be simultaneously transmitted by 
code division multiplex or frequency division multiplex, 
whereby the simultaneous transmission of packet data 
to the plurality of mobile stations existing in the same 
direction can be implemented by code division multiplex 
or frequency division multiplex. 

[0025] There can also arise a situation where no com- 
bination of mobile stations exists in directions in which 
a plurality of directional beams with a mutual interfer- 
ence power ratio therebetween being not more than a 
desired value can be formed. In this situation, it is de- 
sirable to perform transmission and reception of packet 
data to the single mobile station with the single direc- 
tional beam, or to perform transmission and reception 
of packet data to the plurality of mobile stations by code 
division multiplex or frequency division multiplex with a 
single directional beam or with a plurality of directional 
beams. Namely, the transmission and reception of pack- 
et data may be performed to the single mobile station 
with the single directional beam, without performing the 
simultaneous transmission with the plurality of direction- 
al beams. The transmission and reception of packet da- 
ta may also be carried out to the plurality of mobile sta- 
tions by code division multiplex or frequency division 
multiplex of packet data, i.e., by code division multiplex 
or frequency division multiplex with a single directional 
beam or with a plurality of directional beams. 
[0026] Incidentally, the radio resources allocating 
method according to the present invention can also be 
described as an aspect of the invention associated with 
the radio resources allocating apparatus and as an as- 
pect of the invention associated with the mobile com- 
munication system. 

[0027] Namely, a radio resources allocating appara- 
tus according to the present invention is a radio resourc- 
es allocating apparatus in a base station capable of 
forming a plurality of directional beams by applying a 
directional antenna capable of adaptively varying direc- 
tivity, to a transmission-reception antenna, the radio re- 
sources allocating apparatus comprising: allocating 
means for allocating the plurality of directional beams to 
the plurality of mobile stations, based on reception qual- 
ity information of each mobile station with which the 
base station is about to perform transmission and re- 
ception, location information of each mobile station, and 
transmission priorities of packets to be transmitted. 
[0028] This allocating means is desirably configured 
to determine the number and directions of directional 
beams to be formed, based on the reception quality in- 
formation of each mobile station, the location informa- 
tion of each mobile station, and the transmission priori- 
ties of packets to be transmitted. 
[0029] The radio resources allocating apparatus is 
desirably configured to further comprise location esti- 
mating means for estimating a location of each mobile 
station, based on orientation information of the direc- 
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tional antenna; and location information storing means 
for storing the location information of each mobile sta- 
tion acquired by estimation. 

[0030] The" radio resources-allocating-apparatus- is 
desirably configured to further comprise location infor- 
mation receiving means for receiving the location infor- 
mation of each mobile station notified of by each mobile 
station; and location information storing means for stor- 
ing the location information of each mobile station ac- 
quired by reception. 

[0031] The radio resources allocating apparatus is 
desirably configured to further comprise interference . 
power ratio calculating means for calculating an inter- 
ference power ratio of each beam with the other beams, 
where it is supposed that the base station forms a plu- 
rality of directional beams. 

[0032] The radio resources allocating apparatus is 
desirably configured to further comprise quality informa- 
tion receiving means for receiving information about a 
reception quality at each mobile station for a reference 
signal from the base station, from each mobile station; 
quality estimating means for estimating a reception 
quality at each mobile station in the case where each 
mobile station is subjected to transmission and recep- 
tion with a directional beam directed to the mobile sta- 
tion, based on the information about the reception qual- 
ity at each mobile station obtained by reception; and 
quality information storing means for storing the recep- 
tion quality information of each mobile station acquired 
by estimation. 

[0033] The reception quality of each mobile station 
herein is desirably a power ratio of carrier power to in- 
terference power at each mobile station. 
[0034] The radio resources allocating apparatus is 
desirably configured to further comprise transmission 
priority calculating means for calculating a transmission 
priority of each mobile station, based on at least one of 
the reception quality information of each mobile station, 
requirements from a communication quality of packet 
data to each mobile station, and a transmission waiting 
time of each packet data. 

[0035] Namely, a mobile communication system ac- 
cording to the present invention is a mobile communi- 
cation system comprising a base station capable of 
forming a plurality of directional beams by applying a 
directional antenna capable of adaptively varying direc- 
tivity, to a transmission-reception antenna, and a plural- 
ity of mobile stations locating in a cell of the base station, 
wherein the base station comprises: allocating means 
for allocating the plurality of directional beams to the plu- 
rality of mobile stations, based on reception quality in- 
formation of each mobile station with which the base sta- 
tion is about to perform transmission and reception, lo- 
cation information of each mobile station, and transmis- 
sion priorities of packets to be transmitted. 
[0036] This allocating means is desirably configured 
to determine the number and directions of directional 
beams to be formed, based on the reception quality in- 



formation of each mobile station, the location informa- 
tion of each mobile station, and the transmission priori- 
ties of packets to be transmitted. 
[0037] — The mobile communication system according 

5 to the present invention is desirably configured so that 
the base station further comprises: location estimating 
means for estimating a location of each mobile station, 
based on orientation information of the directional an- 
tenna; and location information storing means for stor- 

10 ing the location information of each mobile station ac- 
quired by estimation. 

[0038] The mobile communication system according 
to the present invention is desirably configured so that 
at least one mobile station comprises: location measur- 
es ing means for measuring a location of the mobile station ; 
and location information notifying means for notifying 
the base station of the location information of the mobile 
station acquired by measurement; and so that the base 
station further comprises: location information receiving 
20 means for receiving the location information of the mo- 
bile station notified of by the mobile station; and location 
information storing means for storing the location infor- 
mation of the mobile station acquired by reception. 
[0039] The mobile communication system according 
25 to the present invention is desirably configured so that 
the base station further comprises: interference power 
ratio calculating means for calculating an interference 
power ratio of each beam with the other beams, where 
it is supposed that the base station forms a plurality of 
so directional beams. 

[0040] The mobile communication system according 
to the present invention is desirably configured so that 
at least one mobile station comprises: quality calculating 
means for calculating a reception quality at the mobile 
55 station for a reference signal from the base station; and 
quality information notifying means for notifying the 
base station of information about the reception quality 
acquired by calculation; and so that the base station fur- 
ther comprises: quality information receiving means for 
^o receiving the information about the reception quality 
from the mobile station; quality estimating means for es- 
timating a reception quality at the mobile station in the 
case where the mobile station is subjected to transmis- 
sion and reception with a directional beam directed to 
45 the mobile station, based on the information about the 
reception quality at the mobile station acquired by re- 
ception; and quality information storing means for stor- 
ing the reception quality information of the mobile station 
acquired by estimation. 
50 [0041] The reception quality of the mobile station 
herein is desirably a power ratio of carrier power to in- 
terference power at the mobile station. 
[0042] The mobile communication system according 
to the present invention is desirably configured so that 
55 the base station further comprises: transmission priority 
calculating means for calculating a transmission priority 
of each mobile station, based on at least one of the re- 
ception quality information of each mobile station, re- 



9 



EP1 335 618 A2 



10 



quirements from a communication quality of packet data 
to each mobile station, and a transmission waiting time 
of each packet data. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0043] 

Fig. 1 is a configuration diagram of the mobile com- 
munication system according to an embodiment of 
the invention. 

Fig. 2 is a configuration diagram of the base station. 
Fig. 3 is a diagram showing the components asso- 
ciated with the present invention in the mobile sta- 
tion. 

Fig. 4 is a flowchart of the radio resources allocating 
processing. 

Fig. 5 is a flowchart of the subroutine about acqui- 
sition and storage of the reception quality informa- 
tion of each mobile station. 

Fig. 6 is a flowchart of the subroutine about deter- 
mination of the number and directions of directional 
beams. 

Fig. 7 is a flowchart of another subroutine about de- 
termination of the number and directions of direc- 
tional beams. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0044] Embodiments of the present invention will be 
described below with reference to the drawings. The 
embodiments are directed toward fast packet transmis- 
sion services of downlinks. It is also assumed that pilot 
signals are transmitted with omnidirectional beams. 

[Configuration of Mobile Communication System] 

[0045] Fig. 1 shows the configuration of mobile com- 
munication system 1 of the present embodiment. As 
shown in this Fig. 1 , the mobile communication system 
1 comprises a base station 10, and a plurality of mobile 
stations 30 locating in a cell 2 of the base station 1 0. 
[0046] Fig. 2 shows a device configuration example 
of the base station 1 0. As shown in Fig. 2, the base sta- 
tion 10 is comprised of adaptive array antennas (here- 
inafter referred to as "array antennas") 11 as a direction- 
al antenna capable of adaptively varying directivity, a 
transmission-reception part 12 for performing transmis- 
sion and reception of packet data, and a radio resources 
allocating part 10A for performing radio resources allo- 
cating processing described later. The base station 10 
is arranged to be able to form a plurality of directional 
beams by applying a plurality of array antennas 11 to a 
transmission-reception antenna. Any other smart anten- 
na capable of adaptively varying directivity may also be 
adopted instead of the array antennas. 
[0047] The radio resources allocating part 10A is 



comprised of a location estimator 1 9 for estimating the 
location of each mobile station 30 (Fig. 1) (including a 
direction of arrival of a radio wave or directions of arrival 
of radio waves out of those arriving at the mobile station 

s 30, and a propagation distance of the radio wave or 
propagation distances of the radio waves, in addition to 
the relative location thereof to the base station 10); a 
location information storage memory 20 for storing the 
location information thus estimated; a reception quality 

10 estimator 22 for estimating a reception quality with a di- 
rectional beam on the basis of a reception quality of a 
pilot signal notified of by each mobile station; a reception 
quality information storage memory 23 for storing the 
reception quality information thus estimated; a transmis- 

15 sion priority calculator 21 for determining a transmission 
priority of each mobile station on the basis of the com- 
munication quality of packet data (QoS), a transmission 
waiting time of each data, and the reception quality in- 
formation of each mobile station; an antenna pattern 

20 and transmitted data determiner 16 for evaluating the 
transmission priorities and location information of the re- 
spective mobile stations to determine the number and 
directions of directional beams, and packet data to be 
transmitted with each directional beam; ah interference 

25 power ratio estimator 15 for estimating an interference 
power ratio between plural beams; a transmission wait- 
ing buffer 14 for temporarily saving packet data in a 
transmission waiting state; a packet QoS detector 1 7 for 
detecting, the QoS information from the header of packet 

30 data in the transmission waiting buffer 14; a transmis- 
sion waiting time monitoring part 18 for monitoring the 
transmission waiting time of each packet data (elapsed 
time since arrival at the transmission waiting buffer 14); 
and an allocation controller 1 3 for performing generation 

35 of antenna weights, addition of error-correction codes, 
modulation, etc. and also performing monitoring and 
control of operations of the respective parts in the radio 
resources allocating part 10A. 

[0048] The transmission-reception part 12 performs 

40 processing including superposition of transmitted sig- 
nals, separation of received signals, amplification of 
transmitted and received signals, and so on. The base 
station 1 0 is assumed to include all the components nec- 
essary for constitution of ordinary base station equip- 

45 ment, in addition to the components shown in Fig. 2. 
[0049] Fig. 3 shows the components associated with 
the present invention in the mobile station 30. As shown 
in Fig. 3, the mobile station 30 is comprised of a location 
measuring part 33 incorporating GPS equipment and 

so configured to measure the location of the mobile station 
30; a quality calculator 34 for calculating a reception 
quality at the mobile station 30 of a pilot signal from the 
base station 10; and a transmission-reception part 32 
equipped with an antenna 31 and configured to perform 

55 transmission and reception of packet data and send the 
location information of the mobile station 30 and the re- 
ception quality information of the reference signal to the 
base station 10. 
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[Radio Resources Allocating Processing] 

[0050] The following will describe the radio resources 
-allocating-processing in-the-base-station-10, as the op-' 
eration of the present embodiment. Fig. 4 shows a flow- 
chart of the radio resources allocating processing. 
[0051] In step S41 of Fig. 4, when receiving a com- 
munication start request from a mobile station 30, the 
base station 10 first preliminarily acquires the location 
information of the mobile station 30 and stores the loca- 
tion information in the location information storage 
memory 20. 

[0052] If the mobile station 30 is equipped with the lo- 
cation measuring part 33 of Fig. 3, the mobile station 30 
may notify the base station 1 0 of the location information 
acquired by measurement, as uplink control informa- 
tion. On the other hand, if the mobile station 30 is not 
equipped with the location measuring part 33, the loca- 
tion estimator 19 of the base station 10 may estimate 
the location information of the mobile station 30 from a 
direction of arrival and a reception power of a signal 
transmitted from the mobile station 30. The base station 
10 is configured to update the location information of 
each mobile station 30 in an adequate period according 
to a moving speed of each mobile station 30 or the like. 
[0053] Next step S42 is to perform processing of ac- 
quiring and storing the reception quality information of 
each mobile station 30. In this processing, as shown in 
Fig. 5, one mobile station. 30 as a target is first set out 
of mobile stations 30 as destinations of all packets 
(transmission waiting packets) in the transmission wait- 
ing state in the transmission waiting buffer 1 4 (S51 ), and 
it is determined whether the mobile station 30 of the tar- 
get is in communication (S52). If the mobile station 30 
of the target is in communication, the base station ac- 
quires the reception quality information during commu- 
nication at the mobile station 30,. e.g., a ratio of carrier 
power to interference power in a communicating chan- 
nel (received CIR) (S53), and the reception quality in- 
formation acquired is stored in the reception quality in- 
formation storage memory 23 (S57). It is also possible 
to employ a signal power to interference power ratio 
(SIR), i.e., a value of any signal power to interference 
power, or a signal power to noise power ratio (SN ratio 
or SNR), instead of the above received CIR. 
[0054] On the other hand, when the target mobile sta- 
tion 30 is not in communication, the base station ac- 
quires the reception quality information of the pilot signal 
at the mobile station 30, e.g., received CIR of a pilot 
channel (S54), and estimates a gain with a directional 
beam being directed to the mobile station, based on the 
location information of the mobile station 30 (S55). Then 
the reception quality information is corrected f orthe gain 
(S56), and the reception quality information after the 
correction is stored in the reception quality information 
storage memory 23 (S57). 

[0055] The processing of S51 to S57 as described 
above is carried out for each mobile station 30 to acqu ire 



and store the reception quality information of each mo- 
bile station 30. When the processing is completed for all 
the mobile stations 30 as destinations of transmission 

„_ waiting packets-(in the case, of a.negative judgment in 

5 S58), the processing of Fig. 5 is terminated to return to 
step S43 of Fig. 4. Instead of the above, the base station 
may also be configured to determine the communication 
quality information on the basis of received CIR of the 
pilot signai, regardless of whether each mobile station 

10 is in communication. 

[0056] Through the processing of Fig. 5, the mobile 
station 30 in communication decreases the received 
CIR, because a directional beam is directed to itself, 
while the mobile station 30 with no directional beam be- 

15 ing directed thereto (not in communication) increases 
the received CIR; therefore, the processing is expected 
to present the effect of keeping down deviation of radio 
channel allocating opportunities among the mobile sta- 
tions 30. In this case, however, the reception quality is 

20 not always good in practical communication even if the 
received CIR of the pilot signal is good. Therefore, the 
base station can be configured to estimate the interfer- 
ence with the directional beam of its own cell at each 
mobile station 30 from the shape of the current beam, 

25 the location information of each mobile station 30, etc. 
if possible, and subtract it to suppose and compare re- 
ception qualities in practical communication environ- 
ments. 

[0057] Returning to Fig. 4, next step S43 is a step in 
30 which the transmission priority calculator 21 calculates 
a transmission priority as an index indicating how to al- 
locate the radio resources in favor of which mobile sta- 
tion 30, for each of the mobile stations 30 as destinations 
of the transmission waiting packets. In this step, the 
35 transmission priorities are comprehensively determined 
in consideration of requirements from QoS of the re- 
spective packets, the reception quality information of the 
destination mobile stations 30, and the transmission 
waiting times. Next step S44 is to perform sequencing 
40 (ranking) of the transmission priorities of all the mobile 
stations 30 under connection. 

[0058] In next step S45, the antenna pattern and 
transmitted data determiner executes processing of de- 
termining the number and directions of directional 

45 beams (Fig. 6). In this processing, the first step is to de- 
termine formation of a directional beam toward the mo- 
bile station 30 with the highest transmission priority ac- 
cording to the ranking obtained in S44 (S61). It is then 
determined whether, with this beam as a reference, 

so there exists any mobile station 30 in a direction in which 
an interference power ratio with a new beam is within a 
range of not more than a desired value (for example, an 
angle from the direction of the reference beam is not 
less than a reference angle 6 preliminarily determined 

55 by experiment or the like (6 is a minimum angle at which 
the mutual interference power becomes not more than 
a desired value)) (S62). If there exists such mobile sta- 
tion 30, a directional beam is added toward the mobile 
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station 30 whose direction difference from the reference 
beam becomes minimum (S63). Then the determination 
in S62 is again carried out using the newly added direc- 
tional beam as a new reference, and the steps S62 and 
S63 are repeated. The judgment on whether it is possi- 
ble to form a directional beam is made as follows: the 
interference power ratio estimator 15 estimates the in- 
terference power ratio of each beam on the assumption 
that the directional beam is formed, and it is determined 
that the beam can be formed when the resultant inter- 
ference power ratio is lower than a desired value. 
[0059] When S62 ends in determining that there ex- 
ists no appropriate mobile station 30, i.e., determining 
that it is impossible to form a directional beam (in the 
case of a negative judgment in S62), the processing of 
Fig. 6 is terminated to return to step S46 of Fig. 4. At 
this stage, the number and directions of directional 
beams capable of keeping the mutual interference 
among the directional beams not more than the desired 
value have been determined. 

[0060] Returning to Fig. 4, next step S46 is to deter- 
mine a multiplexity of users in accordance with the 
number of mobile stations 30 existing in a specified di- 
rection, and the margins of the radio resources such as 
code resources, transmission power, frequencies, etc., 
for each of the directional beams thus determined, and 
step S47 is to allocate the mobile stations 30 to each 
directional beam, according to the user multiplexity for 
each directional beam. This permits implementation of 
simultaneous transmission of packet data to a plurality 
of mobile stations 30 by code division multiplex or fre- 
quency division multiplex of packet data to the plurality 
of mobile stations 30 even if the plurality of mobile sta- 
tions 30 exist in a certain direction. 
[0061] In the user allocation herein (i.e., the allocation 
of mobile stations 30 to each directional beam), where 
there exist a plurality of combinations of mobile stations 
30 that can be selection targets, a combination of mobile 
stations 30 may be selected in favor of a combination of 
mobile stations 30 with which the number of mobile sta- 
tions 30 capable of undergoing simultaneous transmis- 
sion becomes maximum, or a combination of mobile sta- 
tions 30 may be selected in favor of a combination of 
mobile stations 30 with which reception states of the mo- 
bile stations 30 in the combination become comprehen- 
sively the best. A combination of mobile stations 30 may 
also be selected in favor of a combination of mobile sta- 
tions 30 with which transmission priorities for packet da- 
ta to the mobile stations 30 in the combination become 
comprehensively the highest. Furthermore, a combina- 
tion of mobile stations 30 may also be selected by com- 
bining two or more out of the above three ways and com- 
prehensively evaluating the combinations. 
[0062] After completion of the determination of all the 
number and directions of directional beams to be 
formed, and the mobile stations 30 to which packet data 
is to be transmitted with the respective directional 
beams (i.e., the packet data to be transmitted) as de- 



scribed above, S48 is carried out to perform generation 
of antenna weights, addition of error-correction codes, 
modulation, etc. and transmit the packet data. 
[0063] The radio resources were allocated before on 

5 the basis of the reception quality information of each mo- 
bile station 30 and the transmission priorities of packets, 
without paying attention to the location of each mobile 
station 30, whereas the present invention employs the 
above radio resources allocating processing to allocate 

10 the plurality of directional beams to the plurality of mo- 
bile stations 30, based on the three types of information 
including the location information of each mobile station 
30: the reception quality information of each mobile sta- 
tion 30, the location information of each mobile station 

15 30, and the transmission priorities of the packets to be 
transmitted; therefore, the destination mobile stations 
30 can be selected so as to prevent the beams directed 
to the respective mobile stations 30 from interfering with 
each other, and the radio resources are allocated to the 

20 mobile stations 30, whereby it is feasible to improve the 
efficiency of use of the radio resources and achieve the 
increase of throughput. 

[0064] In the present embodiment, a combination of 
mobile stations 30 existing in directions of plural direc- 
ts tional beams preliminarily set on a stationary basis may 
be selected as the mobile stations 30 subjected to the 
simultaneous transmission and reception of packet data 
with the plurality of directional beams. 
[0065] In this case, where a plurality of mobile stations 
30 30 exist in a direction of a certain directional beam, a 
mobile station 30 corresponding to the directional beam 
can be selected, based on both or either of the reception 
quality information of each mobile station 30 and the 
transmission priority of packet data to each mobile sta- 
35 tion 30. Namely, among the plurality of mobile stations 
30 thus existing, the mobile station 30 with the highest 
reception quality may be selected as the mobile station 
30 corresponding to the directional beam, or the mobile 
station 30 with the highest transmission priority of pack- 
40 et data may be selected as the mobile station 30 corre- 
sponding to the directional beam. The mobile station 30 
may also be selected based on a comprehensive judg- 
ment on the both of the reception quality and the trans- 
mission priority of packet data. 

45 

[Another Processing Example about Determination of 
Number and Directions of Directional Beams] 

[0066] Incidentally, the processing of determining the 
so number and directions of directional beams and select- 
ing the destination mobile stations 30 may be performed 
by the method of first determining the number and di- 
rections of directional beams and then selecting the des- 
tination mobile stations 30, as in above Fig. 6, but it may 
55 also be performed according to the procedure of first de- 
termining a single mobile station 30 and a directional 
beam toward the mobile station and then determining 
other directional beams and other mobile stations 30 on 
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the basis of the first determined directional beam as a 
reference, as shown in Fig. 7. 

[0067] This procedure will be described along Fig. 7. 
„First,the.mobiIe station.30_with the bighesttrsnsmission . 
priority is set as a target according to the ranking ob- 
tained in S44 of Fig. 4 (S71), and formation of one di- 
rectional beam is determined in a direction toward the 
mobile station 30 (S72). It is noted that S71 is not limited 
to the use of the transmission priority as a reference, but 
the mobile station to be selected may be the mobile sta- 
tion 30 with the highest reception quality, or the mobile 
station 30 closest to the sector boundary. 
[0068] It is then determined whether it is possible to 
add a new directional beam in a direction toward the mo- 
bile station 30 with the next highest priority under the 
condition that the interference between the directional 
beams is controlled at or below a desired value (S73). 
If it is possible, the directional beam is added in a direc- 
tion toward the mobile station 30 (S74). 
[0069] Thereafter, the processing of steps S73 and 
S74 is executed for each of the mobile stations in order 
from the mobile station 30 with the highest transmission 
priority. When the processing is completed for all the 
mobile stations 30 of targets (in the case of a negative 
judgment in S75), the processing of Fig. 7 is terminated. 
[0070] This processing of Fig. 7 can also properly de- 
termine the number and directions of directional beams 
capable of keeping the interference between directional 
beams at or below the desired value. It is noted that the 
processing of steps S73 and S74 may also be executed 
in order from the mobile station 30 with the highest re- 
ception quality. 

[0071] As described above, the present invention has 
successfully accomplished the following: while the radio 
resources were allocated before based on the reception 
quality information of each mobile station and the packet 
transmission priorities, without paying attention to the 
location of each mobile station, the present invention re- 
alized the allocation of the plurality of directional beams 
to the plurality of mobile stations, based on the three 
types of information including the location information of 
each mobile station: the reception quality information of 
each mobile station, the location information of each 
mobile station , and the transmission priorities of packets 
to be transmitted; therefore, the destination mobile sta- 
tions can be selected so as to prevent the beams direct- 
ed to the respective mobile stations from interfering with 
each other, and the radio resources are allocated to the 
mobile stations, whereby it is feasible to improve the ef- 
ficiency of use of the radio resources and achieve the 
increase of throughput. 



Claims 

1 . A radio resources allocating method in which a base 
station capable of forming a plurality of directional 
beams by applying a directional antenna capable of 



adaptively varying directivity, to a transmission-re- 
ception antenna, allocates radio resources to a plu- 
rality of mobile stations, 

_ wherein the plurality of directional, beams are 

5 allocated to the plurality of mobile stations, based 

on reception quality information of each mobile sta- 
tion, location information of each mobile station, 
and transmission priorities of packets to be trans- 
mitted. 

10 

2. The radio resources allocating method according to 
Claim 1, wherein, after the plurality of directional 
beams are allocated to the plurality of mobile sta- 
tions, packet data is simultaneously transmitted to 

is and received by the plurality of mobile stations. 

3. The radio resources allocating method according to 
Claim 2, wherein on the occasion of allocating the 
radio resources used in transmission with the plu- 

20 rality of directional beams, the mobile stations allo- 
cated to the plurality of directional beams are se- 
lected, based on the reception quality information 
of each mobile station, the location information of 
each mobile station, and the transmission priorities 

25 of packets to be transmitted. 

4. The radio resources allocating method according to 
Claim 1, wherein the reception quality information 
of each mobile station is a reception quality at the 

30 mobile station estimated in the case where commu- 
nication with a directional beam is carried out, 
based on a reception quality at the mobile station 
for a predetermined reference signal transmitted 
from the base station. 

35 

5. The radio resources allocating method according to 
Claim 1 , wherein the location information of each 
mobile station is location information acquired 
based on measured location information notified of 

40 by the mobile station where the mobile station com- 
prises location measuring means. 

6. The radio resources allocating method according to 
Claim 1 , wherein the transmission priority of a pack- 

45 et to be transmitted is an index set based on a per- 
missible delay determined by a required communi- 
cation quality of the packet, the maximum number 
of retransmissions, a desired transmission speed, 
reception quality information of a destination mobile 

so station, and a transmission waiting time at the base 
station. 

7. The radio resources allocating method according to 
Claim 3, wherein a combination of mobile stations 

55 existing in directions of a plurality of directional 
beams preliminarily set on a stationary basis is se- 
lected as the mobile stations subjected to simulta- 
neous transmission and reception of packet data 
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with the plurality of directional beams. 

8. The radio resources allocating method according to 
Claim 7, wherein, where a plurality of mobile sta- 
tions exist in a direction of a certain directional' 
beam, a mobile station corresponding to the direc- 
tional beam is selected, based on both or either of 
the reception quality information of each mobile sta- 
tion and the transmission priority of packet data to 
each mobile station. 

9. The radio resources allocating method according to 
Claim 3, wherein a combination of mobile stations 
existing in directions in which a plurality of direction- 
al beams with a mutual interference power ratio 
therebetween being not more than a desired value 
can be formed, is selected as the mobile stations 
subjected to simultaneous transmission and recep- 
tion of packet data with the plurality of directional 
beams. 

10. The radio resources allocating method according to 
Claim 9, wherein, where there exist a plurality of 
combinations of the mobile stations that can be se- 
lection targets, the combination of mobile stations 
is selected in favor of a combination of mobile sta- 
tions providing the maximum number of mobile sta- 
tions capable of undergoing simultaneous trans- 
mission. 

1 1 . The radio resources allocating method according to 
Claim 9, wherein, where there exist a plurality of 
combinations of the mobile stations that can be se- 
lection targets, the combination of mobile stations 
is selected in favor of a combination of mobile sta- 
tions with which reception states of the mobile sta- 
tions in the combination become comprehensively 
the best. 

1 2. The radio resources allocating method according to 
Claim 9, wherein, where there exist a plurality of 
combinations of the mobile stations that can be se- 
lection targets, the combination of mobile stations 
is selected in favor of a combination of mobile sta- 
tions with which transmission priorities for packet 
data to the mobile stations in the combination are 
comprehensively the highest. 

13. The radio resources allocating method according to 
Claim 3, wherein the mobile stations subjected to 
simultaneous transmission and reception of packet 
data with the plurality of directional beams are se- 
lected as follows: 

a single mobile station is first selected based 
on reception states of the respective mobile 
stations or transmission priorities of packet da- 
ta to be transmitted, 



and then another mobile station is selected; the an- 
other mobile station exists in a direction of at least 
one directional beam that can be formed so that an 
interference power ratio with a directional beam di- 
5 rected to the single mobile station selected be- 
comes not more than a preset value. 

14. The radio resources allocating method according to 
Claim 3, wherein, where there exist a plurality of 

10 mobile stations in a certain direction out of direc- 
tions of the directional beams formed, packet data 
to the plurality of mobile stations is simultaneously 
transmitted by code division multiplex or frequency 
division multiplex. 

15 

15. The radio resources allocating method according to 
Claim 3, wherein, where there exists no combina- 
tion of mobile stations in directions in which a plu- 
rality of directional beams with a mutual interfer- 

20 ence power ratio therebetween being not more than 
a desired value can be formed, transmission and 
reception of packet data to a single mobile station 
is carried out with a single directional beam, or 
transmission and reception of packet data to a plu- 

25 rality of mobile stations is carried out by code divi- 
sion multiplex or frequency division multiplex with a 
single directional beam or with a plurality of direc- 
tional beams. 

30 16. A radio resources allocating apparatus in a base 
station capable of forming a plurality of directional 
beams by applying a directional antenna capable of 
adaptively varying directivity, to a transmission-re- 
ception antenna, the radio resources allocating ap- 

35 paratus comprising: 



40 



45 



50 



55 



allocating means for allocating the plurality of 
directional beams to the plurality of mobile sta- 
tions, based on reception quality information of 
each mobile station with which the base station 
is about to perform transmission and reception, 
location information of each mobile station, and 
transmission priorities of packets to be trans- 
mitted. 

17. The radio resources allocating apparatus according 
to Claim 16, further comprising: 

location estimating means for estimating a lo- 
cation of each mobile station, based on orien- 
tation information of the directional antenna; 
and 

location information storing means for storing 
the location information of each mobile station 
acquired by estimation. 

18. The radio resources allocating apparatus according 
to Claim 16, further comprising: 
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location information receiving means for receiv- 
ing the location information of each mobile sta- 
tion notified of by each mobile station; and 

location-information storing-means-for storing 

the location information of each mobile station s 
acquired by reception. 

1 9. The radio resources allocating apparatus according 
to Claim 16, further comprising interference power 
ratio calculating means for calculating an interfer- 10 
ence power ratio of each beam with the other 
beams, where it is supposed that the base station 
forms a plurality of directional beams. 

20. The radio resources allocating apparatus according *5 
to Claim 1 6, further comprising: 

quality information receiving means for receiv- 
ing information about a reception quality at 
each mobile station for a reference signal from 20 
the base station, from each mobile station; 
quality estimating means for estimating a re- 
ception quality at each mobile station in the 
case where each mobile station is subjected to 
transmission and reception with a directional 25 
beam directed to the mobile station, based on 
the information about the reception quality at 
each mobile station obtained by reception; and 
quality information storing means for storing the 
reception quality information of each mobile 30 
station acquired by estimation. 

21 . The radio resources allocating apparatus according 
to Claim 16, further comprising transmission priority 
calculating means for calculating a transmission pri- 35 
ority of each mobile station, based on at least one 

of the reception quality information of each mobile 
station, requirements from a communication quality 
of packet data to each mobile station, and a trans- 
mission waiting time of each packet data. *o 

22. A mobile communication system comprising a base 
station capable of forming a plurality of directional 
beams by applying a directional antenna capable of 
adaptively varying directivity, to a transmission-re- 
ception antenna, and a plurality of mobile stations 
locating in a cell of the base station, 

wherein the base station comprises: 

allocating means for allocating the plurality of so 
directional beams to the plurality of mobile sta- 
tions, based on reception quality information of 
each mobile station with which the base station 
is about to perform transmission and reception, 
location information of each mobile station, and 55 
transmission priorities of packets to be trans- 
mitted. 



23. The mobile communication system according to 
Claim 22, wherein the base station further compris- 
es: 



location estimating means for estimating a lo- 
cation of each mobile station, based on orien- 
tation information of the directional antenna; 
and 

location information storing means for storing 
the location information of each mobile station 
acquired by estimation. 

24. The mobile communication system according to 
Claim 22, wherein at least one mobile station com- 
prises: 

location measuring means for measuring a lo- 
cation of the mobile station; and 
location information notifying means for notify- 
ing the base station of the location information 
of the mobile station acquired by measurement; 
and 

wherein the base station further comprises: 

location information receiving means for receiv- 
ing the location information of the mobile sta- 
tion notified of by the mobile station; and 
location information storing means for storing 
the location information of the mobile station 
acquired by reception. 

25. The mobile communication system according to 
Claim 22, wherein the base station further compris- 
es: 

interference power ratio calculating means for 
calculating an interference power ratio of each 
beam with the other beams, where it is sup- 
posed that the base station forms a plurality of 
directional beams. 

26. The mobile communication system according to 
Claim 22, wherein at least one mobile station com- 
prises: 

v quality calculating means for calculating a re- 
ception quality at the mobile station for a refer- 
ence signal from the base station; and 
quality information notifying means for notifying 
the base station of information about the recep- 
tion quality acquired by calculation; and 

wherein the base station further comprises: 

quality information receiving means for receiv- 
ing the information about the reception quality 
from the mobile station; 
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quality estimating means for estimating a re- 
ception quality at the mobile station in the case 
where the mobile station is subjected to trans- 
mission and reception with a directional beam 
directed to the mobile station, based on the in- 5 
formation about the reception quality at the mo- 
bile station acquired by reception; and 
quality information storing means for storing the 
reception quality information of the mobile sta- 
tion acquired by estimation. 10 

27. The mobile communication system according to 
Claim 22, wherein the base station further compris- 
es: 

15 

transmission priority calculating means for cal- 
culating a transmission priority of each mobile 
station, based on at least one of the reception 
quality information of each mobile station, re- 
quirements from a communication quality of 20 
packet data to each mobile station, and a trans- 
mission waiting time of each packet data. 
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a plurality of directional beams directed to a plurality of 
mobile stations by applying a directional antenna 11 ca- 
pable of adaptively varying directivity, to a transmission- 
reception antenna, is provided with a location estimator 
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reception quality of each mobile station; a transmission 
priority calculator 21 for calculating a transmission pri- 
ority of a packet to be transmitted; a determiner 16 for 
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beams to be formed, based on the reception quality of 
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troller 13 for allocating the plurality of directional beams 
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